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1-butyl-1-methylpyrrolidinium bis(trifluoromethanesulfonyl)imide, [C 4 C 1 pyrr][NTf 2 ]
In a two neck round bottom flask containing a solution of [C 4 C 1 pyrr]Br (72.7 g, 0.33 mol) in CH 2 Cl 2 (150 ml), was added lithium bis(trifluoromethylsulfonyl)imide (94.0 g, 0.33 mol). The mixture was then stirred for 72 hours at room temperature under nitrogen. The mixture was then filtered using a cannula and the residual LiBr salt was washed with CH 2 Cl 2 (3 x 50 ml). The combined organic extracts were washed with water until the aqueous phase was halide free (silver nitrate test). Then CH 2 Cl 2 was removed by rotary evaporator. The liquid was stirred overnight with activated charcoal. The resulting liquid filtered through a pad of acidic alumina to give a colourless liquid [C 4 
1-butyl-3-methylimidazolium nitrate [C 4 C 1 im][NO 3 ]
Due to the fact that alkylnitrates are reactive and have a propensity to form explosive mixtures, extreme caution should be exercised when undertaking this reaction.
Butylnitrate (10.26g, 86mmol, 1.5eq) was mixed with ethylacetate (5mL). To this mixture a solution of ethylacetate (5mL) and methylimidazole (4.6mL, 57mmol, 1eq) was added dropwise with vigorous stirring. The solution was then refluxed for 24 hours, during which time a second liquid phase appeared. The mixture was cooled to -20 C and white crystals of 1-butyl-3-methylimidazolium nitrate were collected.
Yield: 15.5g (89%) 1 
1-butyl-3-methylimidazolium thiocyanate[C 4 C 1 im][SCN]
1-butyl-3-methylimidazolium chloride (2.09g, 11.96mmol, 1eq) in acetonitrile (15mL) was mixed with barium thiocyanate (1.84g, 5.98mmol, 0.5eq) in acetonitrile (15mL) and the solution was stirred for 4 hours. A white precipitate was formed. The suspension was centrifuged and the liquor decanted. The solvent was removed yielding a slightly pink liquid 1-butyl-3-methylimidazolium thiocyanate.
Yield: 1.86g (79% In a two neck round bottom flask, lithium trifluoromethanesulfonate (33.5 g, 0.33 mol) and [C 4 C 1 im]Cl (55.7 g, 0.32 mol) were mixed and stirred in CH 2 Cl 2 (80 ml) for 72 hours under an inert atmosphere at room temperature. The mixture was then filtered using a cannula and the residual LiCl salt was washed with CH 2 Cl 2 (3 x 50 ml). The solution was diluted with CH 2 Cl 2 (700 ml) and washed many times with water (1.0 ml) until the solution was halide free by silver nitrate test. The CH 2 Cl 2 was removed using rotary evaporator. The resulting liquid was treated with activated charcoal and filtered through a pad of acidic alumina to give colourless liquid [C 4 
im]Cl
In a two neck round bottom flask, containing 1-methylimidazole (100 ml, 1.19 mol) in toluene (100 ml), 3-chloro-1-propanol (80 ml, 1.00 mol) was added dropwise, with cooling. The mixture was allowed to reach room temperature and then was stirred at 60 C for 10 days under nitrogen. After cooling at -14 C, a pale crystalline precipitate was observed. The upper layer was decanted and the solid was washed 3 times with dry ethyl acetate (50 ml). The solid was then further purified by recrystallisation from acetonitrile. The white crystals were dried in vacuo for 24 h, affording [(HO) 3 
1-(3-cyanopropyl) -3-methylimidazolium chloride [(CN) 4 C 3 C 1 im]Cl
In a two neck round bottom flask, containing 1-methylimidazole (80 ml, 1.00 mol) in ethyl acetate (100 ml), 4-chlorobutyronitrile (96.6 ml, 1.02 mol) was added drop-wise, with cooling. The mixture was allowed to reach room temperature and then was refluxed at 80 C for 3 days under nitrogen. After cooling at -14 o C, a pale crystalline precipitate was observed. The upper layer was decanted and the solid was washed 3 times with dry ethyl acetate (50 ml). The solid was then further purified by recrystallisation from acetonitrile. The white crystals were dried in vacuo for 24 h, affording [(CN) 3 
1-(3-cyanopropyl)-3-methylimidazolium bis(trifluoromethanesulfonyl)imide [(CN) 3 C3C 1 im][NTf 2 ]
In a two neck round bottom flask, lithium bis(trifluoromethylsulfonyl)imide (103.3 g, 0.35 mol) and [(CN) 3 C 4 C 1 im]Cl (63.0 g, 0.34 mol) were mixed and stirred in CH 2 Cl 2 (150 ml) for 72 hours at room temperature under nitrogen. The mixture was then filtered using a canula and the residual LiCl salt was washed with CH 2 Cl 2 (3 x 50 ml). The combined organic extraction was washed with water until the aqueous phase was halide free (silver nitrate test). The CH 2 Cl 2 was then removed by a rotary evaporator. The resulting liquid was treated with activated charcoal and filtered through a pad of acidic alumina to give the colourless liquid [(CN) 3 
1-butyl-2,3-dimethylimidazolium bis(trifluoromethanesulfonyl)imide, [C 4 C 1 C 1 im][NTf 2 ]
To a flask containing a stirred solution of [C 4 C 1 C 1 im]Cl (30.9 g, 0.164 mol, 1 eq.) in CH 2 Cl 2 (50 cm 3 ) under N 2 was added Li[NTf 2 ] (48.8 g, 0.169 mmol, 1.03 eq.). The mixture was stirred for 24 h under N 2 and the colourless precipitate allowed to settle. Cannula filtration and subsequent rinsing of the NaCl residue with CH 2 Cl 2 (2  50 cm 3 ) gave a colourless liquid, which was further diluted with CH 2 Cl 2 (100 cm 3 ) and washed with aliquots of water (3  20 ml) until halide free, as indicated by the AgNO 3 test. The liquid was dried in vacuo for 3 h at 80 C then filtered through a short pad of neutral alumina (l = 1−1.5 cm) and thoroughly dried in vacuo at 80 C for a further 8 h to afford [C 4 
Section 3: General Computational Details
All calculations have been carried out using the Gaussian 09 suite of programs (revision D.01). 2 Structures fully optimised under no symmetry constraints. A pruned numerical integration grid of 99 radialshells and 590 angular points per shell was employed in conjunction with convergence criteria of 10 -9 on the density matrix and 10 -7 on the energy matrix. Frequency analysis has been performed for each structure to confirm it as a minimum.
Individual anions have been optimised at the B3LYP-D3BJ/6-311+G(d,p) level. Population analysis has been carried out using the NBO method (version 5.9) 3 and the electrostatic potential derived charges calculated employing the CHELPG scheme. 4, 5 ChelpG charges for the anions were constrained to fit the dipole moment of the whole molecule. No default van der Waals radius is implemented for copper in the CHELPG method, requiring a value for the radius of copper to be specified by the user. A radius of of 2.00 Å was employed here for the copper centres, default radii were employed for all other elements. A radius of 2.00 Å has previously been shown to be a justifiable choice for ESP schemes. 6 TM systems are a difficult proposition for DFT, this is exacerbated by the multi-configurational nature of systems that undergo Jahn-Teller distortion. These calculations are presented as a computational study, but cannot be assumed to represent quantitative accuracy, and may even be qualitatively incorrect. Nevertheless, there are numerous examples of such calculations in the literature.
A detailed MO analysis was carried out for the [Cu(acac)(tmen)] + cation in the gas phase. Both unrestricted and restricted open shell calculations were performed using the B3LYP functional in conjunction with an aug-cc-pVTZ basis set for the first row heavy atoms and a cc-pVTZ basis set for the H-atoms. The Cu-atom was modelled using a scalar relativistic Stuttgart PP (ECP10MWB) and the associated basis set. Four selected copper complexes were examined using DFT (M06, M06HF and M06L) with an aug-cc-pVDZ basis set, charges were determined using CHelpG.
UV-Vis spectra are notoriously dependent on the quantity of exchange included, thus we have tested the range of functionals that include 0-100% of exchange. The M06 group of functionals have been employed, these include M06, M06-L, M06-HF and M06-2L. 3 The M06-2X (54% exchange) functional has been parameterized only for non-metals and is not of interest here. M06-HF has full (100%) HF exchange (and thus is poor for TMs but good for charge transfer states) and M06-L is constrained to be local. Both M06 (27% exchange) and M06-L (0% exchange) have been identified as suitable functionals for organometallic applications; M06 is recognised as a functional with broad applicability, while M06-L may offer improved accuracy for transition metals. 7 M06 performs well for valence excitations, M06 and M06-L perform well for metal cation excitations. 3, 8 In contrast, B3LYP includes 20% exchange.
[Cu(acac)(tmen)]+ cation structures were initially optimised (multiplicity 2, unrestricted spin) in the gas-phase using the M06 density functional 3 in conjunction with the aug-cc-pVDZ basis set. Each of the copper complexes was subsequently optimised employing the related M06-HF and M06-L density functionals, 9 also in conjunction with the aug-cc-pVDZ basis. The gas phase calculation provides the best system to study when no external influences are present, however the experimental data must be obtained in the solid or liquid phase. To test the influence of the solvent on the calculation our selected functionals (B3LYP, M06 and M06L) have been tested employing a generalised solvent model SMD 10 Subsequently a TD-DFT calculation of the 25 lowest excited states (multiplicity 2, unrestricted spin) were carried evaluated to determine the UV-Vis spectra.
Four selected copper complexes with alternative ligands were further examined. In addition to [Cu(acac) 2 ], the methyl R groups of acac were replaced with CF 3 forming [Cu(hfac) 2 ] and the oxygen atoms of acac were replaced with sulphur forming a dithioacetylacetone complex [Cu(sacsac) 2 ]. Structures were optimised employing the M06 and M06-L functionals with an aug-cc-pVDZ basis set and charges were evaluated using both orbital (NBO) and electrostatic potential (CHelpG) based methods.
Section 4: Isolated [Cu(acac)(tmen)] + MO analysis and computed UV-Vis Spectra

MO analysis
Under a standard MO analysis for an octahedral complex the MO diagram includes nd (n+1)s and (n+1)p AOs on the metal and the ligand donor orbitals. Combining fragment orbitals of the correct symmetry provides the non-bonding dxz, dyz and dxy (t 2g MOs) and the bonding and antibonding combinations of the dx 2 -y 2 and dz 2 (e g MOs), the orbitals associated with the dAO manifold (relating to crystal field theory CFT) are the antibonding metal-ligand antibonding e g MOs. The tetragonal distortion reduces the symmetry to D 4h and allows the (previously spherical symmetry) 4s and dz 2 MOs to mix (as they both now have a 1g symmetry) giving rise to the well-known Jahn-Teller distortion of Cu(II) complexes, ESI Figure S4.1.1 . The resulting orbital pattern is of a partially occupied, high energy heavily 4s/dz 2 mixed ligand antibonding a 1g MO lying well above the non-bonding e g (d xz ,d yz ) and b 2g (d xy ) orbitals. The fully occupied heavily 4s/dz 2 mixed ligand bonding a 1g MO is traditionally (based on CFT) placed between the a 1g and e g , b 2g MO energy levels, however in real systems (with ligand MOs included) it is typical for the energy of this bonding MO to drop below the non-bonding e g , b 2g MO energy levels.
The pseudo-symmetry of [Cu(acac)(tmen)] + is C 2v , below that of D 4h , this drop in symmetry allows further interaction between the ligand and metal fragment orbitals, and additional mixing interactions between the resultant MOs. A change in the principle axis orientation between the ideal ML 4 D 4h and more representative ML 2 L' 2 C 2v complex makes formal assignment of the dAO contributions to the real MOs a complex procedure. To expedite interpretation, symmetry labels will be given but these are only approximate and relate back to the original CFT labels that the majority of readers are most familiar with.
A detailed MO analysis was carried out for the [Cu(acac)(tmen)] + cation in the gas phase. Both unrestricted and restricted open shell calculations was carried out on a fully optimised (open shell) structure using the B3LYP functional in conjunction with an aug-cc-pVTZ basis set for the first row heavy atoms and a cc-pVTZ basis set for the H-atoms. The Cu-atom was modelled using a scalar relativistic Stuttgart PP (ECP10MWB) and the associated basis set. 11 To aid in interpretation the MOs presented in Figure 5 are from a restricted open shell calculation where paired electrons (alpha and beta spin) are forced to occupy the same spatial orbital (these are the standard MOs normally depicted). In a system with unpaired spins, the exchange between all orbitals of the same spin means that the spatial orbitals of the alpha and beta spin electrons differ (as there is one more alpha than beta spin electron) the spatially relaxed orbitals for each spin have been examined and most do not differ substantially from the unrestricted (U) orbitals. The one exception is the partially occupied alpha dx 2 -y 2 MO which is lower in energy than the alpha ligand orbital, leading the ligand alpha orbital to become the system and alpha HOMO for the unrestricted system, the beta HOMO is still the ligand orbital. 
TD-DFT calculations and UV-Vis Spectral analysis
For each functional (B3lYP, M06, M06-L and M06-HF) a TD-DFT calculation of the 25 lowest excited states (multiplicity 2, unrestricted spin) was carried out to determine the UV-Vis spectra in the gas and solution phase. TD-DFT calculations determine an excitation wavelength, an oscillator strength (f) and the Frank-Condon factor. The oscillator strength is a dimensionless quantity normally between 0.1-1.0 dependent on the square of the (electronic) transition dipole moment (the dipole moment of light connecting the initial and final states of the molecule). The overlap integral S(,') represents the sum of the overlap of the ground and excited vibrational states, this allows formally forbidden transitions via vibronic coupling. The total oscillator strength is a product of the electronic oscillator strength (f) and the Frank-Condon factor (S). (Table S4. 2.2) . The primary excitations associated with the transitions with greatest oscillator strength are highlighted in bold in Tables S4.2.1-2 and are detailed more fully in Table S4 .2.3, the relevant MOs; the HOMO-3, HOMO and LUMO are depicted in Figure S4. 
2.2.
Principle transitions were identified as those with a large Frank-Condon factor, in the B3LYP calculation the most significant transition is from a nominal dz 2 type MO to the dx 2 -y 2 type MO (255nm), this transition showed mixed character and only the dominant contribution is identified here (0.52). Two other transitions had appreciable Frank-Condon factors, both have a clearly resolved character; one is a lower energy ligand to metal charge transfer (339nm) and the other is a higher energy ligand to ligand excitation (243nm). These transitions are all identified in Figure 4 of the paper. Note that all of traditionally assigned "d-AOs" contain significant ligand contributions. The relative ordering of these orbitals can differ slightly depending on the functional (amount of exchange) and the environment, however the overall shape and LCAOs of these MOs remains consistent.
The lowest energy excitation (S1) is formally forbidden and is a HOMO to LUMO transition from a ligand L* MO -> dx 2 -y 2 MO. The first key transition from a dz 2 based MO to the dx 2 -y 2 LUMO for the gas-phase, and in the non-interacting IL [C 4 6 ] is at =514nm, thus the computed wavelength for the gasphase B3LYP calculation coincides best with the experimental data =506nm. Small changes in geometry between the M06 and M06-L structures do not significantly alter the partial charges on the Cu centres. For a given copper complex, the NBO and CHELPG methods produce notably different charges; the magnitude of the NBO partial charge on Cu is greater in each case. Discrepancies between the two schemes have been noted elsewhere. However, both the NBO and CHELPG schemes predict the same ordering for the Cu partial charges across the four complexes: Cu(hfac) 2 > Cu(acac) 2 > [Cu(acac)(tmen)] + > Cu(sacsac) 2 Using the NBO and CHELPG partial charges in Table S7 .5, two neutral complexes, Cu(hfac) 2 and Cu(acac) 2 , are predicted to have larger positive charges on the Cu centre than found within cationic [Cu(acac)(tmen)] + . This result emphasises the importance of considering the local environment of the Cu centre. Replacing the highly electronegative oxygen atoms of the acac ligands with sulphur, to form Cu(sacsac) 2 , is predicted to lead to a reduction in the positive charge on the Cu centre relative to [Cu(acac)(tmen)] + . 21 The spectra were deconvoluted using a non-linear Gaussian fit. Fits were attempted for combinations of 3, 4 and 5 peaks. A best fit was obtained for four peaks (see Figure S8 .1). The absorption maxima (1-4) for all four fitted peaks, in a range of molecular solvents and ILs, were obtained (Table S8. 
1).
These were plotted versus the DN numbers of the corresponding molecular solvents, Figure S8. 
2.
Linear fits were obtained and compared, only peaks 2 and 4 were observed for all molecular solvents, as a very shallow slope of 4 makes the calculation of DN unreliable, the linear fit from the peak 2 (2) in the region 20.7-22.4 (*10 3 ) cm -1 was chosen and employed in the calculation of DNs for the ILs. 
